With all the work on auxin appearing in the last years it is remarkable that not more investigations are concerned with the actual role of the auxins inside the plant. Barring some early opposition, the original statement "Without auxin no growth" (12) has stood unchallenged for many years. Probably this was so because all test methods were based on the principle of proportionality between auxin applied and its resultant effect. When BONNER and THIMANN (2) established that there was also direct proportionality between auxin used up and growth, the paramount importance of auxin in the growth process seemed firmly established. In later years, however, doubts have been expressed about the necessity of auxin for the growth process in general. AVERY and LARUE (1) concluded "that growth hormone is not a necessity for elongation of the coleoptile. " The confusion was due to the fact that auxin is present inside the plant in different states. This was pointed out especially by WVENT and THIMANN (15), and WENT (13), who stressed the point that it is essential to distinguish between auxin which can be collected by diffusion (diffusible or free auxin) and the auxin which is obtained by extraction. It is evident that only that part of the auxin which combines in some way inside the cells can be responsible for growth, whereas correlation phenomena such as tropisms can be brought about only by a correlation carrier which moves freely inside the tissues.
plete accord with earlier work (12) . In the next 2-hour period these same coleoptile cylinders started to produce considerable amounts of auxin (15 to 25 per cent. of the production by tips). Comparison with other data (11) shows that the same holds true for corn coleoptiles. Only when the cylinders were more than 8 mm. removed from the tip did the regeneration of auxin production not occur within the first 4 hours. It was conceivable that auxin was produced by the coleoptile cylinders in the first 2 hours after cutting, but in such small amounts that the standard Avena test did not indicate them. Therefore, the same experiment was repeated usinlg the deseeded Avena test (9) . (abscissa) . Two millimeters of tip cut off, the next two-mm. sections were cut in curve 0 (circles) at the moment of decapitation, curve 1 (solid dots) one hour, curve 2 (plusses) two hours, and curve 3 (triangles) three hours after decapitation. For comparison the amount diffusing out of tips is plotted (crosses).
almost exclusively due to auxin precursor and not to free moving auxin, for the deseeded test responds not only to auxin but also to auxin precursor.
With this fact in mind we can now consider the data of table V and figure 2. Because of the greater sensitivity of the deseeded test the 24 cylinders were moved once every hour to a fresh agar plate, and thus the auxin production could be followed more closely. Since we have seen that the response of the deseeded plants in the first 2 hours after decapitation is duie to auxin precursor we can conclude that the apical coleoptile cylinders give off more precursor, which is in excellent agreement with the experiments of VAN OVERBEEK (11) who found that the region nearest the tip contained most precursor. Regeneration of auxin production occurs after 2 to 3 hours Almost the same behavior was observed for phototropic curvatures provided that only limited amounts of light were used and when a diffSerentiation between the basal curvatures and the curvatures first appearing near the apex was made. Under such conditions it is easy to determine when the phototropic curvatures increase again as a result of regeneration of auxin by the apical cut surface. Because of the complexity of the phototropic response, however, no further data will be given since the details of the experiments would only confuse the main issue. It suffices to state that immediately after decapitation the phototropic falls off more rapidly than the geotropic sensitivity. After 2 hours, however, a small part of the phototropic sensitivity is restored. Discussion
As was already known from the literature, regeneration of auxin produc- The time of returni of geotropic sensitivity lies somewhere near 120 minutes.
In comparing the 4 curves of figure 3, one fact stands out: curves A and B are very similar, as are curves C and D. From this figure it is evident that growth rate B and extractable auxin content A of coleoptiles parallel each other, with an increasing, lag of the growth rate. This lag would be expected, since the growth response of coleoptile cells to auxin gradually decreases after decapitation (table II) .
Curves C and D, which resemble A and B in their sudden increase around 120 minutes, are very different in other respects. Instead of slowly falling off in the first two hours, this drop is very sudden, and is even much more pronounced than in figure 3 ; for the actual auxini production in decapitated plants should be imieasured with the standard Avena test, and not with the deseeded test. Since only data for 2-hour auxin production are available with the standard Avenia test (table III) no curve could be drawn with them, and the data obtainied with the deseeded test have been substituted; these, as discussed before, are too high for the period before regeneration. The drop after three hours is not real, but occurs only in sections cut at the moment of decapitation. For in table VI it is shown that many hours after decapitation auxini production by the regenerated tip increases instead of decreases as in cut sections.
Curve D is also too high for the first 100 minutes, since the geotropic curvatures still appearing after decapitation occur only in the most basal zones. On the other hand, the curvatures of intact and regenerated decapitated plants are mainly in the more apical zones.
A number of conclusions can be drawn from this figure 3: a) The sudden suspension of auxin production after decapitation is only gradually reflected in a decreased auxin content of the whole coleoptile, and soon after auxin production is resumed the auxin content of the tissues increases again. BONNER and THIMANN (2) have shown that the decrease in auxin content in the first two hours after decapitation corresponds quanti-tatively with the amount of growth which has taken place in the coleoptile. Considering this quantitative correlation, and the similarity between extractable auxin content and growth rate, it cannot be doubted that the growth rate of the Avena coleoptile is regulated by the amount of extractable auxin in the tissues.
b) The growth rate of the decapitated coleoptile is not correlated with the amount of diffusible auxin; in other words, with the rate of auxin production.
c) The sudden drop in geotropic (and phototropic) response, to less than one half the initial value within 10 minutes after decapitation, cannot be accounted for by the drop in auxin content (probably 1 to 2 per cent. within the first 10 minutes).
It closely parallels the amount of diffusible auxin, however, and comes up as soon as auxin production is resumed in the regenerated physiological tip.
Consideration of all these facts leads to the main conclusion: Diffusible or free moving auxin and extractable auxin are quantitatively different in the plant; and as far as their effects go, also qualitatively. The diffusible auxin in the Avena coleoptile is correlated with tropisms. Since it has been concluded before that these are due to changes in the path of transport of auxins (CHOLODNY-WENT'S theory) this might have been expected. Besides, since geotropism, and phototropism in part, are correlation phenomena, it is evident that they could be brought about only by a correlation-carrier, or moving agent; in other words, by free moving auxin.
The extractable auxin, comprising both free moving and bound auxin, is quite evidently not correlated with tropisms. But the growth rate closely parallels the extractable auxin; we nmust thus conclude that growth is due to the bound auxin. Therefore, the two methods of obtaining auxin, by diffusion and by extraction, are not interchangeable, and are not even comparable. This fact is brought out very clearly by VAN OVERBEEK (11) on completely different grounds.
Much confusion will be prevented by tdapting the method of collecting and measuring auxin to the specific problem to be analyzed. If a correlation phenomenon is under investigation, it should be related to the diffusible auxin; growth rates should be compared with extractable auxin. This explains also why AVERY and LARUE (1) concluded that "Growth hormone secreted by the coleoptile tip has no helpful relationship to growth of coleoptiles in culture" for it is not the auxin formation but the auxin and precursor content which determines the growth rate. But it is equally clear that their other conclusion "that growth hormone is not a necessity for elongation of the coleoptile" does not follow from their experiments.
It is perhaps cogent to point out that the data presented in this paper very strongly oppose the suggestion made by S6DING (8) and JOST (5) that auxin could be formed as a result of growth. Experimental evidence is overwhelmingly in favor of the conelusion that increased auxin content and growth follows increased auxin formation.
Since we must distinguish between two successive reactions in which auxin takes part, which have very different characteristics (14) , and since we know that auxin is present in at least two different conditions inside the plant, it is interesting to attempt a correlation of these facts. In Reactive only at lower pH.
Only active with double bond in molecule.
Reacts with other growtlh factors (calines).
Stoichiometric relationship between bound auxin and growth suggests chemical combination with some other cell constituent.
Present in protoplasmic interphase?
that the double bond in the auxin molecule is not essential for preparatory activity; some hemi-auxins do not have this double bond. 8, 9, and 10 are quite hypothetical; further discussion can be found in (14) . Summary Avena coleoptiles were decapitated, and at suitable intervals, one-half to one hour, a number of their properties were measured. It was found that after decapitation the auxin content of the tissues, as determined by ether extraction, slowly fell off to 50 per cent. after 2 hours and then increased again. A similar curve was found for the growth rate, only the decrease was greater, especially after 2 hours. It was concluded that the growth rate is due to the amount of extractable auxin present in the tissues.
In the case of diffusible auxin from the various coleoptile zones, it was found that immediately after decapitation only small and decreasing amounts of precursor could be collected from any part of the coleoptile, and no auxin. But after 2 hours auxin production again became evident in the apical section. An almost identical behavior was found for geotropism and phototropism, a very abrupt falling off of geotropic sensitivity, which remained at a low level until approximately 2 hours after decapitation when it increased to about half normal. It was concluded that the geotropic curvature is due to an effect of gravity on the diffusible auxin. This paper is also a complete confirmation of DOLK'S thesis (3) that regeneration of the auxin production 2 to 3 hours after decapitation accounts for the reappearance of geo-and phototropic sensitivity and increased growth rate. 
